This paper proposes a new financial risk contagion model; the contagion-MGARCH model which is based on the multivariate GARCH process. Our measure of risk contagion could characterize the causality of the financial risk contagion, its economic significance, and its determinants by using the contagion equation containing latent variables. Markov Chain Monte Carlo (MCMC) estimation of the parameters in the new contagion model context is also covered.
INTRODUCTION
It has been frequently observed that financial crises and price volatility simultaneously or successively appear in different financial markets and even in different countries, which is a general financial risk contagion or volatility contagion phenomenon. There exists now a large body of literatures that attempt to theoretically model or empirically study this phenomenon, based on the static or time-varying risk contagion models. Lin and Tamvakis (2001) , Forbes and Roberto (2002) and Yang et al. (2004) empirically researched the risk contagion in different financial markets using static models which include the univariate GARCH model, the correlation theory, the VAR model and the impulse response function. Boyer et al. (2006) , Cappiello et al. (2006) , and Beirne et al. (2010) researched the risk contagion using the AR-DCC-MVGARCH model, the asymmetric dynamics MGARCH model and the multivariate GARCHin-mean model, respectively, which are time-varying risk contagion models. Of course, there are other methods to model the financial risk contagion, which are different from the above econometric methods. In these models, the time-varying contagion models, based on the *Corresponding author. E-mail: zw453@163.com. Tel: +86 25 83795327.
MGARCH process, are common methods, and they calculate the financial risk contagion by its time-varying covariance. But, there are still two puzzles, such as the symmetrical covariance in the MGARCH models, which is the same risk contagion values that is inconsistent with the real situation, and equivocal contagion causality about the covariance equation. To deal with these puzzles, this paper proposes a novel and developed time-varying contagion model, that is, the contagion-GARCH model.
THE MGARCH MODELS AND ITS RISK CONTAGION CONNOTATION
The multivariate GARCH models allow the variances and covariances to depend on the information set in a vector ARMA manner and are particularly useful to model multimarket or multivariate financial phenomenon, which includes the financial risk contagion, the market volatility spillover and so on. As the first MGARCH model, the VEC-MGARCH model was introduced by Bollerslev et al. (1988) , and it has large number of parameters needed to estimate and the positive definite condition in the covariance matrix, which are two defects. To deal with these two issues, some MGARCH models were developed, such as the BEKK model (Engle and Kroner, 1995) , the CCC-MGARCH model (Tse, 2000) and so on. The time-varying covariances, as a volatility relation between different financial markets, can reflect a dynamics risk contagion phenomenon. Thus, the risk contagion models based on the MGARCH process could be better than the static models and other risk contagion models. However, as mentioned above, there are still two puzzles to model financial risk contagion using the MGARCH models, such as the symmetrical covariance means the same risk contagion values between different financial markets, and equivocal risk contagion causality in formed by all variances and covariances.
THE CONTAGION-MGARCH MODEL
The model formulation (Taylor, 1994) , we let the conditional variances be , and the risk contagion be . Then, the positive definite condition of matrix could be easily meet.
Based on the preceding two settings, the contagion equation (Equation 4) and the volatility equation (Equation 5) of the contagion-MGARCH model can be expressed as follows:
To illustrate in the bivariate case, the contagion-MGARCH model is simplified as follows:
, ,
(10) or ,
Based on the preceding equations (Equations 11 to 15), we could get the conditional covariances of the information set as follows:
,
By these conditional covariances of the information set , it should be noted that there are some assumptions in the new risk contagion model, such as the time-varying risk contagion comes from the volatility of a financial market at sometime, and just affects other markets at next time, which are close to the real financial market in the discrete framework. Therefore, it may be a good way to extend this financial risk contagion model by modeling in continuous framework.
In summary, we think the new contagion model and latent variables could characterize the causality of risk Zhou and He 6017 contagion, its economic significance, and its determinants.
ESTIMATION METHODOLOGY
Unfortunately, for the new financial risk contagion model, the Contagion-MGARCH model, some classical parameter estimation methods, such as the maximum likelihood (ML), the generalized method of moments (GMM), the Kalman filter (KF) and the BerndtHall-Hall-Hausman (BHHH) algorithm, are difficult to apply and calculate for the intractable form of the likelihood function and the latent variables. Therefore, in this paper, we investigate the Markov Chain Monte Carlo (MCMC) approach to estimate the parameters and latent variables in the new financial risk contagion model, and the basic steps are described as follows:
Step 1 
Step 2 Assume the parameters , , , and are prior independence, then, we em ploy a slightly informative prior for and , and set the same priors parameters as Meyer (2000) , that is, set Beta prior distribution be and , where and , and with and , which could gives a prior mean of 0.86. Then, we let be a conjugate inverse-gamma prior distribution, that is, , which gives a prior mean of 0.0167 and prior standard deviation of 0.0236.
Step 3
Estimate parameters based on the aforementioned MCMC method, which could calculate by the Gibbs sampling method including updating parameters and generating new values from posterior distributions, and get posterior sample mean of the parameters and the latent variables. Here, we suggest directly calculating this model via Gibbs sampling method with WinBUGS or Matlab.
Conclusions
In model to calculate and analyze the financial risk contagion phenomenon, that is, the Contagion-MGARCH model (or the Contagion-CCC-MGARCH model), which has a natural interpretation about the financial risk contagion and is relatively parsimonious. The model parameters can be estimated without too much difficulty by the MCMC approach, which is also studied in detailed. Meanwhile, we think and believe that this new financial risk contagion model could capture common movements of financial risk contagion and volatility spillover in the financial markets, as mentioned before, and extend the multivariable GARCH model. It is a pity that we have not taken the empirical analysis and study using this new model and real financial data, definitely, which will be further investigated and studied in near future.
